ABSTRACT
for M -Dalet and Ne Plus Ultra almond cultivars compared with other treatments. The longest shoot during establishment stage was recorded by "Hansen" rootstock cultured in MS with BA at 2.0 mgl -1 plus IBA at 0.01 mgl -1 .Using BA at 1.0 mgl -1 plus IBA at 0.1 mgl -1 and BA at 2.0 mgl -1 plus 0.05 or 0.1 mgl -1 gave the highest number of proliferated shoots for Om -Elfahm, M-Dalt and Ne Puls Ultra cvs. and "Hansen", respectively in the 3 rd subculture. The best average proliferated shoot length was achieved with medium supplemented with BA at 1.0 mgl -1 plus IBA at 0.05 mgl -1 or 0.1 mgl -1 for M-Dalt, Ne Puls Ultra and "Hansen" respectively, whereas, using BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 recorded the longest average proliferated shoot for Om-Elfahm cultivar. Microshoots were rooted in modified Bourgin and Nitsch medium supplemented with IBA or NAA at 1.0 mgl -1 only or combination (0. . The greatest rooting percentage (66.67%) was obtained with medium contained IBA at 0.2 or 0.4 mgl -1 plus NAA at 0.4 or 0.8 mgl -1 for "Hansen" rootstock and Ne Plus Ultra shoots.
INTRODUCTION
Almond is one of the most important nut crops worldwide. It is propagated by T -budding on seedling rootstocks ,and stem cutting which has given a slight success (Hartmann et al 1990). The major rootstocks used are peach and almond- Hansen was selected from a seedling population of the cross "almond B x peach selection 1-8-2".The Hansen clones immune to root-Knot nematode and phytophthora crown. Hansen is most useful in calcareous soils and under marginal or stressful conditions assuming good drainage is available (Hansen et al 1981 and Kester and Asay 1986). The vegetative propagation of almond clones as ownrooted plants (without any rootstocks) is difficult except with specific cultivars. On the other hand micropropagation has been difficult for almond cultivars, although some success has been achieved with two almond genotypes (cvs. Supernova and rootstock Sel.M51) (Hartman et al 1990 and Caboni & Damiano, 1994) .
Variations in necessity of benzyl adenine (BA) and indol butric acid ( IBA) in the media used for the different almond cultivars were obvious in the different reports. For example, Rugini and Verma (1983) reported that high concentration of BAP promoted shoot proliferation, while low concentration encouraged shoot elongation for almond cultivars. Whereas Gurel and Gulsen (1998) found that during multiplication stage, BAP was essential for shoot development, but high levels (2 or 3 mgl -1 ) caused vetrifications and callus formation. In the mean time, the combination of 0.1 mgl -1 IBA and 1.0 mgl -1 BAP was the most effective in terms of new shoot production and rate of shoot growth in two almond cultivars 'Texas" and "Nonpareil" under study. Saeed (1998) found that the best survival percentage was noticed on MS medium supplemented with IBA at 0.1 mgl -1 or BA at 0.5 mgl -1 or both and the highest proliferation rate for two almond cultivars (Ne Plus Ultra and Nonpareil ) was achieved on MS medium supplemented with BAP at 2.0 mgl -1 . Also, the same results were obtained for Non Pareil 15-1 and Ne Plus Ultra using 3 -5 Mµ BAP for shoot proliferation respectively and 1 Mµ BAP for shoot elongation. However, a low concentration of IBA at 0.049 Mµ was necessary for the almond cultivars to promote longer shoots when compared to the same medium without IBA (Channuntapipat et al 2003).
Almond is a difficult to root species. Rooting is also poor in-vitro , however, satisfactory rooting was obtained only in a few cultivars and peach x almond rootstock "Hansen" (Rugini & Verma 1983 and Wanas, 1999 ). Caboni and Damiano (1994). Induced root in two almond genotypes on Bourgin and Nitisch medium , containing 50 g / liter sucrose , with IBA (10 µM) or IAA (10 µM).The dark treatment and the type of auxin used played an important role in the rooting of almond genotypes.
Accordingly, this work aimed to determine the effect of different levels of BA and IBA during the stages of micropropagation for three almond cultivars (Om-Elfahm, M-Dalet and Ne Plus Ultra) and the hybrid rootstock "Hansen 536". In addition, methods are reported for successful rooting. Dalt, Ne Plus Ultra) and the hybrid rootstock "Hansen" were used through out this study.
MATERIAL AND METHODS

This
Apical parts of shoots (10-15cm) long were taken from adult trees during the growing season .The trees were about 8 years old planted in the orchard of Faculty of Agricultural, Ain Shams University , Shoubra El-Kiema , Cairo .
1. Culture procedure
After removing leaves the shoots were put under running tap water for about one hour then sterilized under laminar flow hood condition .Sodium hypochlorite solution was prepared using commercial bleach "Clorox" (5.25 % available chlorine) at 10 % concentration. The shoots were dipped for 8 minutes in such solution before rinsing three times in sterile distilled water 10 minutes for each rinsing. After that stem nodes were prepared and cultured in establishment culture media. The pH of different media was adjusted at 5.7 before autoclaving at 100 K. pa (15 P.S.I) and 121 o C for 20 minutes, then left to cool and harden for 24 hours before being used of the.
The cultures of the different experiments were incubated at temperatures almost maintained between 24±2°C and photoperiods of 16 hour day and 8 hour night supplied by fluorescent lamps (two lamps per shelf to provide light intensity of 2200 -2400 lux at explants level 30 cm from light).
Establishment experiment
Each stem node explant was separately cultured in test tubes (150 x15 mm) filled with 10 ml of Murashige and Skoog (1962) (MS) full strength medium plus 30 g sucrose, 7gl
-1 agar and supplemented with benzyl adenine (BA) at 0.0, 0.5, 1.0 and 2.0 mgl -1 either alone or in combination with indole butyric acid (IBA) at 0.0, 0.01, 0.05 and 0.1 mgl -1 . Bud development percentages, and shoot length (cm) were determined after four weeks .The experiment was repeated three times at least.
The experiment was arranged in a completely randomized design with 16 treatments for each cultivar (4 BA treatments x 4 IBA treatments) in a factorial experiment with five replicates (three explants for each replicate).
.1.2. Multiplication experiment
Approximately uniform growing shoots (about 1.5 cm in length) were aseptically transferred after four weeks to proliferation medium which was consisted of MS salts and vitamins plus one of the following BA and IBA levels :
1. BA 0.0+ IBA 0.0 mgl -1 (control) 2. BA 1.0+ IBA 0.05 mgl The shoots were cultured into glass jars (350 mm) filled with 30 ml of medium. The proliferated shoots were subcultured into fresh medium after four weeks and another two subcultures on the same media were performed every four weeks. Average number and length of shoots (new proliferated shoots) were recorded each subculture during the multiplication stage.
The experiment was arranged in a completely randomized design with 15 treatments for each cultivar [5 treatments of (BA+IBA) x 3 subcultures] in a factorial experiment with five replicates (three explants for each replicate). Regarding BA specific effect, BA at 0.5 mgl -1 exhibited the highest bud development also in significant differences among all tested BA levels on bud development were existed. Interactions between the two studied variables, cleared that the highest significant bud development percentage was achieved with BA at 0.5 mgl -1 plus IBA at 0.01 mgl
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, followed by BA at 2.0 mgl -1 plus IBA at 0.01 mgl -1 without significant differences between them. Whereas, control treatment (medium without BA or IBA) showed the least significant bud development (20.0%) Concerning shoot length, there were no significant differences among all IBA treatments on shoot length. Whereas, BA at1.0 mgl -1 showed the highest value (1.87 cm) of shoot length, followed by BA levels at 2.0 and 0.5 mgl -1 without significant differences among them. On the contrary, the lowest value (1.3 cm) was noticed with control medium (BA at 0.0 mgl -1 ). The interactions between IBA and BA levels, showed the highest significant shoot length (2.13 and 2.05 cm) when BA was 1.0 mgl -1 plus IBA at 0.01 mgl -1 or 0.05 mgl -1 , respectively without significant differences between them. The lowest significant shoot length (1.23 cm) was recorded with media without BA and supplemented with IBA at 0.01 mgl -1 , respectively.
Effect on bud development percentages and shoot length of MDalet almond cv.
Data presented in Table ( 2) showed the effect of IBA and BA levels on bud development percentages and shoot length of M-Dalet almond cv. during establishment stage. showed the highest values with no significant differences detected among all the used IBA concentrations on bud development percentage. Also, means of BA levels, showed insignificant differences among all tested BA levels which gave higher values for bud development compared to control. Regarding interaction between the two studied factors, data showed that bud development percentage exhibited significant differences in the most cases, and the highest value of bud development percentage was noticed with BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 , whereas, the least significant value was noticed with the untreated shoots.
Regarding effect of IBA levels on shoot length, insignificant differences were noticed among all used IBA concentrations. As for the effect of BA levels on shoot length, data showed that the highest significant shoot length (2.32 and 2.19 cm) were obtained by BA at (1.0 mgl -1 and 0.5 mgl -1 , respectively without significant differences between them. On the other hand, the least significant shoot length was noticed with control shoots. Concerning the interaction between the two studied variables, the highest mean of shoot length was obtained with (BA at 1.0 mgl -1 either alone or plus IBA at 0.01 mgl -1 . Whereas, the lowest value was recorded by media without BA and IBA.
Effect on bud development percentages and shoot length of Ne Plus Ultra almond cv
Data in Table ( 3) showed that effect of IBA and BA levels on bud development percentages and shoot length of Ne Plus Ultra almond cv. during establishment stage IBA at 0.0 or 0.05 mgl -1 showed the highest bud development %. No significant differences were noticed among all used IBA concentrations and control treatment in mean bud development percentages. Data, also showed that BA at 1.0 mgl -1 exhibited the highest bud development percentage without significant differences among all the tested BA levels and control one .The interactions between the IBA and BA levels, showed that the highest significant bud development percentage was noticed with BA at 2.0 mgl -1 without IBA. Meanwhile, the least value was recorded with IBA at 0.1 mgl -1 without BA. The specific effect of IBA levels on shoot length cleared that the greatest significant length (1.70 cm) was obtained with IBA at 0.01 mgl , followed by IBA 0.05 mgl -1 , without significant differences between them. The least shoots length (1.51 and 1.53 cm) were noticed with IBA at 0.0 and 0.1 mgl -1 without significant differences between them.
Regarding the effect of BA levels, data showed that the highest significant shoot length (1.92 cm) was recorded with BA at 0.5 mgl -1 . On the other hand, control treatment gave the lowest shoot length (1.61 cm). Data exhibited a significant interaction between the two studied factors, where the greatest shoot length was recorded with medium supplemented with BA at 1.0 mgl -1 plus IBA at 0.01 mgl -1 and the least value was noticed by medium supplemented with IBA at 0.01 mgl -1 without B.
Effect on bud development percentages and shoot length of Hansen rootstock
Data in Table ( 4) declared the effect of IBA and BA levels on bud development percentages and shoot length of Hansen rootstock (almond x peach) during establishment stage.
Concerning the effect of IBA levels, data showed that IBA at 0.01 mgl -1 gave the highest percentage of bud development without significant differences among all IBA levels and (the control). As for BA levels it is obvious that increasing BA concentration resulted on insignificant increase in bud development percentages where the highest value was achieved by BA at 2.0 mgl -1 . The interactions between the two studied factors showed significant high bud development percentage with BA at 2.0 mgl -1 plus IBA at 0.01 mgl -1
. Whereas, control (medium without BA and IBA) showed the least significant value.
Regarding the specific effect of IBA levels on shoot length, the highest percentage of shoot length was obtained by IBA at 0.01 mgl -1 , followed by IBA at 0.0 and 0.05 mgl -1 without significant differences among them. Concerning the effect of BA levels, BA at 1.0 and 2.0 mgl -1 exhibited the highest significant shoot length. Meanwhile ,the least shoot length was found in control explants. The interactions between IBA and BA levels showed a significant effect, where (BA at 1.0 mgl -1 plus IBA at 0.01 mgl -1 ) produced the highest shoot length in Hansen rootstock .On the contrary, BA at 0.0 mgl -1 under all IBA levels produced the shortest shoot length without significant differences.
The results during establishment stage showed that the highest bud development percentages were obtained with medium contained BA at 0.5 mgl -1 plus IBA at 0.01 mgl -1 for Om-Elfham, BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 for M-Dalet and Hansen, while Ne Plus Ultra recorded the highest bud development with BA at As far as the previous work in such subject concern, just one report from those dealing with almond micropropagation has mentioned the importance of the addition of 0. Tables (5 and 6 ) showed the effect of IBA, BA levels and number of subcultures on average number and length of proliferated shoots / explant for Om -Elfahm almond cv. during multiplication stage.
Data illustrated in
Concerning the effect of BA and IBA levels, data cleared that the highest Means followed by the same letter(s) are not significantly different from each other at 5 % level .
significant mean number of shoots / explant (5.67and 5.45) were achieved with BA at 1.0 mgl -1 plus IBA at 0.1 or 0.05 mgl -1 without significant differences between them, followed by BA at 2.0 mgl -1 plus IBA at 0.1 or 0.05 mgl -1 also, without significant differences between them.
The least value of average number of shoots / explant was recorded with medium without BA or IBA.
Regarding the effect of the number of subcultures, data in Tables (5, 6 , up to 12) showed that the highest significant average number and length of shoots / explant El-Hammady; Wanas; Abd El-Hamid and El-Salem Arab Univ. J. Agric. Sci., 13(2), 2005 490 were noticed during 3 rd subculture. With advanced number of subcultures average number and length of shoots / explant increased . On the other hand, the first subculture exhibited the least significant number and length of shoots.
The interactions between the two studied factors, showed a significant differences in most cases, the highest number of shoots / explant (7.51) was obtained with BA at 1.0 mgl -1 plus IBA at 0.1 mgl -1 during the 3 rd subculture with slight difference between this treatment and (BA at 1.0 mgl -1 plus IBA at 0.05 mgl -1 and BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 ). The lowest values of average number of shoots / explant (1.0, 1.05 and 1.20) were achieved with control treatment without significant differences in the first, second and third subcultures respectively .As for the effect of BA and IBA levels on average means shoot length there was no significant differences among all the used BA and IBA levels on the average length of proliferated shoot. However, control treatment recorded the least average proliferated shoot length.
The interactions between the two studied variables, showed that the highest significant value of the average proliferated shoot length (5.58cm) was noticed with shoot treated by BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 during the 3 rd subculture .On the other hand, the lowest values were recorded with all used treatments (BA and IBA levels )during the 1 st subculture. Tables (7 and 8) showed the effect of IBA, BA levels and number of subcultures on average number and length of proliferated shoots / explant for M-Dalet almond cv. during multiplication stage. Means followed by the same letter(s) are not significantly different from each other at 5 % level .
Effect on average number and length of proliferated shoots / explant for M-Dalet almond cv.
Data in
The specific effect of BA and IBA levels showed the highest mean number of shoot / explant (4.56) with BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 followed by BA at 2.0 mgl -1 plus IBA at 0.05 mgl -1 with significant differences between them. On the contrary, the least mean number of shoots were noticed with control treatment. An evident increase in number of shoots / explant took place with increasing IBA concentration when used with 2 mgl -1 BA . The interactions revealed that medium supplemented with BA at 2.0 mgl -1 plus IBA at 0.05 or 0.1 mgl -1 during the 3 rd subculture exhibited the highest average number of shoot with insignificant differences between them. Lower values were recorded using control treatment during the 1 st , 2 nd and 3 rd subcultures. As for the effect of BA and IBA levels on the average length of M-Dalet cv., data showed that no significant differences between the treatments which contained BA at 1.0 mgl -1 plus IBA at 0.05 or 0.1 mgl -1 and that one containing BA at 2.0 mgl -1 plus IBA at 0.05 mgl -1 which exhibited the longest average shoot length, whereas control treatment recorded the lowest shoot length.
The interactions between the two studied factors showed the highest significant value of shoot length (4.81cm) with medium contained BA at 1.0 mgl Tables (9 and 10) showed the effect of IBA, BA levels and number of subcultures on average number and length of proliferated / explant for Ne Plus Ultra almond cv. during multiplication stage.
From the data on the effect of BA and IBA levels, it seems that the highest average number of shoots/ explant (4.31) was obtained when treating shoot by BA at 1.0 mgl -1 plus IBA at 0.05 mgl -1 .Data ,also, showed that the least mean number of shoots was noticed with control (zero BA and IBA)(1.02).
The interactions between the two studied factors, cleared that the highest significant average number of shoots Concerning the effect of BA and IBA levels on shoot length, (Table 10 ) data showed a significant differences in average proliferated shoot length among all the used treatments .The highest value of average shoot length (3.63 cm) was recorded with shoots treated by BA at 1.0 mgl -1 and IBA at 0.05 mgl -1
. Increasing BA and IBA concentrations resulted in a significant decrease in average shoot length.
The effect of interactions between BA, IBA levels and number of subcultures, data showed that the greatest shoot length was cleared in medium supplemented with BA at 1.0 mgl -1 plus IBA at 0.05 mgl -1 during 3 rd subculture. On the contrary, the shortest shoot was noticed with control treatment during 1 st subculture. Means followed by the same letter(s) are not significantly different from each other at 5 % level .
Propagation of almond and almond-peach hybrid root-stock Means followed by the same letter(s) are not significantly different from each other at 5 % level .
Effect on average number and length of proliferated shoots / explant for "Hansen" rootstock
Data in Tables (11 and 12 ) indicated the effect of IBA, BA levels and number of subcultures on average number and length of shoots / explant of "Hansen" rootstock during multiplication stage.
Regarding the effect of BA and IBA levels on average number of shoots/ explant, it led to an evident increase in the average shoot number with increasing BA and IBA levels where the highest significant mean was obtained by medium contained BA at 2.0 mgl -1 plus IBA at 0.1 mgl -1 . Insignificant differences were clear between shoots treated by BA1.0 mgl plus IBA at 0.05 mgl -1 in the average number of shoots. Meanwhile, the control treatment exhibited the least value (1.03).
The interactions between the two studied variables revealed that medium containing BA 2.0 mgl -1 plus IBA at 0.1 mgl -1 through 3 rd subculture exhibited the highest value of average number of shoots / explant (6.11) .On the contrary, shoots cultured in free hormones medium recorded the least number of shoots during the three subcultures.
As for the effect of BA and IBA levels on the average shoot length of Hansen rootstock, the longest shoot (3.57cm) was obtained with medium supplemented with BA at 1.0 mgl -1 plus IBA at 0.1 mgl -1 .No significant differences between shoots cultured in medium containing BA at 2.0 mgl -1 plus IBA at 0.05 or 0.1 mgl -1 and BA at 1.0 mgl -1 plus IBA at 0.05 mgl -1 on the average shoot length. Whereas, the shortest shoots (1.3 cm) was noticed with control treatment (zero BA and IBA).
The interactions between the two studied factors, cleared that the highest values of average shoot length (4.19, 3.95 and 3.79cm) were noticed with media supplemented with BA at1.0 mgl -1 plus IBA at 0.1 mgl -1 and BA at 2.0 or 1.0 Means followed by the same letter(s) are not significantly different from each other at 5 % level . IBA and 1 mgl -1 BAP was the most effective in terms of new shoot production and rate of shoot growth of almond . However, BAP was essential for shoot proliferation. The same results were obtained for Nonpareil 15-1 cv. using 3.0 µM BAP for shoot proliferation and 1.0 µM BAP for shoot elongation, and for Ne Plus Ultra cv. using 5.0 µM BAP for shoot proliferation and 1.0 µM BAP for shoot elongation. Low concentration of IBA at 0.049 was necessary for almond cultivars to promote longer shoots when compared to the same medium without IBA (Channuntapipat et al 2003) .
Results in the current study showed an evident increase in shoot number by increasing number of subcultures till the3 rd one, and these results are in harmony with Wanas (1999) who found that the increasing in number and length of proliferated shoots of Hansen rootstock by the 3 rd and 4 th subcultures was achieved in MS medium plus 0.4 mgl -1 IBA, 1.5 mgl -1 BA .However, it is worthy to perform further experiment in order to determine after how many numbers of subculture the cultures should be renewed to avoid any decrease in proliferation rate.
Effect of auxins type and concen-
trations on callus formation and rooting of some almond cvs and Hansen rootstock.
Effect on callus formation
Data in Table ( 13) showed the effect of IBA and NAA levels on callus formation of three almond cultivars and "Hansen" rootstock .
Regarding almond cultivars and "Hansen" rootstock effect, it is clear that Om-Elfahm cv. and Hansen rootstock exhibited the largest callus (3.22 and 3.16) (more than 10 mm diameter) without significant differences between them, followed by Ne Plus Ultra cv. which recorded 1.87 scale (5 -10 mm diameter). On the other hand, the smallest size of callus (less than 5mm diameter) 1.44 was noticed with M-Dalet cultivar.
It is clear that callus formation greatly increased with increased concentration of IBA.
The interactions between the two studied factors (cultivars and treatments) were significant in most cases. The high callus formation scale (3.89) was noticed with Om-Elfahm cv. cultured in Bourgin and Nitcsh medium supplemented by IBA at 0.4 mgl -1 plus NAA at 0.8 mgl -1 . On the contrary, medium contained NAA at 1mgl -1 with M -Dalet and Ne Plus Ultra Callus index: 0.0 -1: no or very small callus 1.1-2 : small callus (less than 5 mm diameter) 2.1 -3: moderate callus (less than 5-10 mm diameter) 3.1 -4 : large callus ( more than 10 mm diameter) Means followed by the same letter(s) are not significantly different from each other at 5 % level .
cvs. showed the least values (1.00). Generally, IBA only or IBA combined with NAA resulted in increasing callus size for Om-Elfahm cv. and "Hansen" rootstock. Meanwhile , it was ineffective for Ne Plus Ultra and M-Dalet almond cultivars.
Effect on rooting percentages
Data in Table ( 14) showed the effect of IBA and NAA levels on rooting percentages of three almond cultivars and "Hansen" rootstock.
As for auxin treatments it is clear that all the used treatments resulted in different means of the rooting except with NAA at 1.0 mgl -1 only. Shoots treated by IBA combined with NAA significantly increased rooting percentages .The highest rooting percentages (38.89 and 33.34 %) were obtained with Bourgin and Nitsch medium supplemented with IBA at 0.4 mgl -1 plus NAA at 0.8 mgl -1 and IBA at 0.5 mgl -1 plus NAA at 1.0 mgl -1 respectively, without significant differences between them ,followed by IBA at 0.2 mgl -1 plus NAA at 0.4 mgl -1 . On the other hand, NAA or IBA only at 1.0 mgl -1 exhibited the least values (0.0 and 2.78%) of rooting percentages, respectively .
Concerning the varietal differences between almond cultivars and Hansen rootstock, the greatest rooting percentage (31.12%) was cleared with Hansen hybrid rootstock followed by (20.0%) for Ne Plus Ultra cultivar with insignificant difference between them. Whereas, the lowest value of rooting percentage (6.67%) was recorded for Om -Elfahm cultivar.
The interactions between treatments and cultivars , showed the highest value of rooting percentage (66.67%) with 
